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SPECIFICATION 

METHOD FOR PURIFYING AND ISOLATING (2S,3S)- OR (2R,3S)- 



HALOHYDRIN DERIVATIVES 



TECHNICAL FIELD 
The present invention relates to a method for 
purification and isolation of (2S, 3S) -l-halo-2-hydroxy-3-N- 
(tert-butoxycarbonyl) amino-4-phenylbutanes of the general 

10 formula (1) : 



OH 




(1) 



(wherein X represents a halogen atom) 

or (2R, 3S) -l-halo-2-hydroxy-3-N- (tert-butoxycarbonyl) amino- 
15 4-phenylbutanes of the general formula (2) : 



OH 




(2) 



(wherein X represents a halogen atom) . The above compounds are 
of great use as production intermediates of medicines, 
20 particularly HIV protease inhibitors [e.g. JP 06206857A, JP 
08109131A and JP 08225557A] . 



BACKGROUND ART 
(2S, 3S) -l-Halo-2-hydroxy-3-N- (tert- 



butoxycarbonyl ) amino-4-phenylbutanes ( 1 ) [hereinafter 
referred to sometimes as compound (1)] and (2R, 3S) -1-halo- 
2-hydroxy-3-N- (tert-butoxycarbonyl) amino-4-phenylbutanes 

(2) [hereinafter referred to sometimes as compound (2) ] can be 
respectively produced by diastereo-selective reduction of the 
oxo group in position-2 of (3S ) -l-halo-2-oxo-3-N- ( tert- 
butoxycarbonyl ) amino-4-phenylbutanes of the general formula 

(3) [hereinafter referred to sometimes as compound (3)]: 



(wherein X represents a halogen atom) 

using a borane compound or an aluminum compound as a reducing 
agent (e.g. JP 06206857A, JP 08109131A and JP 08225557A) or by 
means of a strain of microorganism (e.g. JP 09000285A) . 

The compound (1) or compound (2) thus obtained usually 
contains the counterpart diastereomer compound (2) or compound 
(1) as a byproduct and the unreacted substrate compound (3) as 
impurity depending on reduction selectivity and conversion rate . 
Furthermore, the above compound (1) and compound (2) are not 
sufficiently stable and, therefore, in the course of process 
leading to final isolation, the loss of yield due to 
decomposition and the contamination with decomposition 
products tend to take place depending on conditions. The 
decomposition products, which are of several kinds, have not 
been fully identified as yet but at least (2S,3S)-1,2- 
epoxy-3-N- (tert-butoxycarbonyl) amino-4-phenylbutane of the 
following general formula (4) : 
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H 




(4) 



[hereinafter referred to sometimes as compound (4)] and 
(2R, 3S) -1, 2-epoxy-3-N- ( tert-butoxycarbonyl ) amino-4- 
phenylbutane of the following general formula (5) : 



are known. 

Therefore, in order that said compound (1) or compound 
(2) may be isolated in good yield and with high quality, it is 
necessary to use a sophisticated purification/isolation 
procedure insuring a minimum of contamination with said 
diastereomer compound (2) or (1), said unreacted substrate 
compound (3), said decomposition product compounds (4) and (5) 
and other structurally analogous contaminants. 

For the purification and isolation of said compound (1) , 
the following methods, among others, are known, 
i) After the reduction reaction, the reaction mixture is 
quenched with KHS0 4 /H 2 0 and concentrated to give a yellow solid 
and this yellow solid is re-slurried with water, washed with 
hexane, and dried. Then, this dry solid is extracted with hot 
ethyl acetate and the extract is filtered after treatment with 
activated carbon and Celite, concentrated, and cooled to give 
lichenoid brown crystals. Yield 45.5%. (2S,3S) 
compound/ (2R, 3S) compound = 95.6/2.0 (JP 08225557A) . 
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(5) 
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ii) After the reduction reaction, the reaction mixture is 
quenched with KHS0 4 /H 2 0, extracted with ethyl acetate, dried 
over MgS0 4 , filtered, and concentrated to give a white solid. 
This solid is recrystallized from hot ethyl acetate. Yield 50% . 

5 (2R,3S) compound content: a few % (JP 06206857A) . 

iii) After the reduction reaction, the reaction mixture is 
quenched with KHS0 4 /H 2 0, extracted with ethyl acetate, dried 
over MgS0 4 , filtered and concentrated to give a grayish white 
solid. This solid is crystallized from hot ethyl 

10 acetate/hexane (50/50) to give needle-like crystals. Yield 
53% (JP 08225557A) . 

For the isolation of said compound (2) , the method for 
isolation by column chromatography, for instance, is known (JP 
06206857A) . However, there is not known a method for isolating 

15 crystals by crystallization procedure only. 

Moreover, in these methods, the quality and yield of the 
product compound cannot necessarily be reconciled. Further, 
these conventional methods require the use of various reagents 
unsuitable for commercial-scale operation in substantial 

20 amounts and/or involve a concentration - crystallization - 
filtration procedure which is either time-consuming or 
complicated, so that none of the methods are fully satisfactory 
in operability or productivity. In other words, none of the 
known methods have proved satisfactory for practical mass 

25 production. 

Under the circumstances, it has a great significance to 
establish a practical method for the purification/isolation on 
a mass-production scale of (2S, 3S) -l-halo-2-hydroxy-3-N- 
(tert-butoxycarbonyl) amino-4-phenylbutanes (1) or (2R, 3S) - 

30 l-halo-2-hydroxy-3-N- ( tert-butoxycarbonyl ) amino-4- 

phenylbutanes (2) , which are useful production intermediates 
of HIV protease inhibitors. 
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SUMMARY OF THE INVENTION 
In the above state of the art, the present invention has 
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for its object to provide a practical method for the 
purification and isolation on a commercial scale of said 
compound (1) or compound (2) in good yield and with high quality . 

The present invention, therefore, is concerned with a 
5 purification/isolation method of a ( 2S, 3S) -l-halo-2- 

hydroxy-3-N- ( tert-butoxycarbonyl ) amino-4-phenylbutane of the 
following general formula (1) : 



10 (wherein X represents a halogen atom) 

or a (2R, 3S) -l-halo-2-hydroxy-3-N- (tert- 
butoxycarbonyl) amino-4-phenylbutane of the following general 
formula (2 ) : 



(wherein X represents a halogen atom) 

which comprises, for the purpose of removing contaminant 
impurity from a mixture containing at least one of said 
(2S, 3S) -l-halo-2-hydroxy-3-N- (tert-butoxycarbonyl) amino-4- 
20 phenylbutane (1) and ( 2R, 3S ) -l-halo-2-hydroxy-3-N- ( tert- 
butoxycarbonyl ) amino-4-phenylbutane (2), causing the 
objective compound (1) or compound (2) to be crystallized in 
the presence of a solvent comprised of a hydrocarbon solvent 
and collecting the obtained crystals. 



OH 
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DISCLOSURE OF THE INVENTION 
The purification/isolation method of the present 
invention comprises, for the purpose of removing contaminant 
impurity from a mixture containing at least one of said compound 
(1) and compound (2), causing the objective compound (1) or 
compound (2) to be crystallized in the presence of a solvent 
comprised of a hydrocarbon solvent and collecting the obtained 
crystals . 

In the above general formulas (1), (2) and (3), X 
represents a halogen atom. The halogen atom includes fluorine, 
chlorine, bromine and iodine, although a chlorine atom or a 
bromine atom is preferred in terms of the ease of synthesis. 
The most preferred is a chlorine atom. 

The mixture containing at least one of said compound (1) 
and compound (2) for use in the present invention can be obtained 
by, for example, the diastereo-selective reduction of a 
(3S) -l-halo-2-oxo-3-N- { tert-butoxycarbonyl ) amino- 4- 
phenylbutane of the above general formula (3) by means of a 
reducing agent, such as a borane compound and an aluminum 
compound, or by means of a strain of microorganism. 
Specifically, any of the known techniques can be liberally used 
(e.g. JP 06206857A, JP 08109131A, JP 08225557A and JP 
09000285A) . 

The reducing agent for use in the above reduction reaction 
is not particularly restricted but includes sodium bis (2- 
methoxyethoxy) aluminum hydride, lithium aluminum hydride, 
sodium borohydride, potassium borohydride, 

tetramethylammonium borohydride; aluminum trialkoxides such 
as aluminum triisopropoxide and aluminum tri-sec-butoxide; 
lithium aluminum trialkoxyhydrides such as lithium aluminum 
tri-tert-butoxyhydride; substituted aluminum alkoxides such 
as methanesulf onyloxyaluminum diisopropoxide and 
ethanesulfonyloxyaluminum diisopropoxide; among others [e.g. 
JP 06206857A, JP 08109131A, JP 08225557A, JP 08099959, Japanese 



Patent Application H-9-162005, etc.] . These reducing agents 
are generally effective in preferentially producing said 
compound ( 1 ) . 

The microorganism for use in the above reduction reaction 
includes microorganisms belonging to any of the genera Candi dx . 
Geotrictinm , Metchni kowi a, Pachysolen, Eiciiia, Qoataea, 

Rhodotomla , TrichOffporon, Zvaos^r haroTnyrP.g . Rntrynasm.g . 
CryptOCOCCUff , CitftromyCPfl/ Deharvnmyrpg f Will i npsi 

K l oeckera , L i pomyceft , Rhodospori di nm, Rhodotomi* . 
SaccharoTnycopff i r and Wingea, among others. Generally, 
microorganisms belonging to the genus Candida, ^otrirhnm . 
Metchnikowia , Pachy.solen , Pichia, Rhodotorula, Trirhospnmn 
or BotryoafiCUfi are effective in preferential production of said 
compound (1) and microorganisms belonging to the genus Candida , 
Ei£±L±a, Ogatas , CryptoCPCCU,s, Ci tfirrrniyr-^ Deharynmynps . 
W il liopfii fl , K l oeckera , LipomyCP.S/ RhorinspnrirHiiTn, Rhoriotornla , 

Saccharomycopfii s or Wingea are effective in preferential 
production of said compound (2) (cf . JP 09000285A) . 

The above compound (1) and/or compound (2) available on 
diastereo-selective reduction of said compound (3) is generally 
extracted into an organic phase in the presence of an organic 
solvent and water and the organic phase separated from the 
aqueous phase is optionally adjusted to a suitable 
concentration to give a mixture containing said compound (1) 
and/or compound (2) with advantage. Then, by causing the 
objective compound (1) or compound (2) to be crystallized from 
this mixture in the presence of a solvent comprised of a 
hydrocarbon solvent, said compound (1) and/or compound (2) can 
be expediently obtained in crystalline form without resort to 
a complicated procedure (e.g. concentration to dryness and 
isolation as a solid) . 

The above extraction is preferably carried out in the 
range of acidic to weakly basic. Under strongly basic 
conditions, the decomposition of said compound (4) or compound 
(5) is prominent to detract from the yield and quality of the 
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crystal. The acidic to weakly basic range mentioned above 
generally corresponds to pH 0 to 9, preferably pH 1 to 8 . 

An acid and/or a base can be used to establish such acidic 
to weakly basic conditions. The acid or base for use is not 
particularly restricted. However, the acid is preferably a 
mineral acid, such as hydrochloric acid and sulfuric acid. The 
base is preferably an alkali metal hydroxide, such as sodium 
hydroxide and potassium hydroxide; an alkali metal carbonate 
such as sodium carbonate and potassium carbonate; or an alkali 
metal hydrogen carbonate such as sodium hydrogen carbonate and 
potassium hydrogen carbonate. 

The organic solvent for use in said extraction is not 
particularly restricted but in consideration of the subsequent 
crystallization procedure, use of a hydrocarbon solvent is 
preferred. Especially when the compound to be obtained is 
compound (1), it is more preferred to use an aromatic 
hydrocarbon solvent. When the compound (2) is to be obtained, 
use of an aromatic hydrocarbon solvent and/or an aliphatic 
hydrocarbon solvent is preferred. As said hydrocarbon solvent, 
aromatic hydrocarbon solvent and aliphatic hydrocarbon solvent, 
the specific solvents to be mentioned hereinafter can be used 
with advantage . 

The organic solvent for said extraction, which is 
preferred in consideration of the subsequent removal of water 
from the separated organic phase, includes: 

an organic solvent which is not miscible with water but 
forms an azeotropic mixture with water, the water content of 
which azeotropic mixture is about 1/10 volume part to about 1/2 
volume part, 

an organic solvent which is immiscible with water, i.e. 
the solubility of water therein at the temperature of contact 
with an aqueous phase is not more than 1/100 weight part, and 
is capable of forming an azeotropic mixture with water, or 

a solvent mixture containing at least one of the organic 
solvents defined above. 
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As the preferred organic solvents of the former category, 
there can be mentioned aromatic hydrocarbon solvents such as 
benzene, toluene, xylene, ethylbenzene, etc.; ketone solvents 
such as 2-pentanone, methyl isobutyl ketone, etc.; and acetic 
5 acid esters such as propyl acetate, butyl acetate, etc., among 
others. As the preferred organic solvents of the latter 
category, there can be mentioned aromatic hydrocarbon solvents 
such as benzene, toluene, xylene, ethylbenzene, etc.; and 
halogenated hydrocarbon solvents such as methylene chloride, 

10 chloroform, etc., among others. However, in terms of 

extraction efficiency, elimination of water from the separated 
organic phase, and utility as a crystallization solvent, an 
aromatic hydrocarbon solvent such as benzene, toluene, xylene 
and ethylbenzene is preferred and, among these, toluene or 

15 xylene is more preferred, with toluene being the most desirable . 

The organic phase obtained by such extraction may be 
washed with water, where necessary, under acidic to weakly basic 
conditions. The water which can be used for this purpose is 
not particularly restricted; thus, it includes not only water 

20 as such but also aqueous hydrochloric acid or sulfuric acid and 
aqueous solutions of sodium hydrogen carbonate, sodium 
hydroxide, sodium chloride and sodium sulfate, among others. 

The resulting organic phase containing said compound (1) 
and/or compound (2) is concentrated (preferably dehydrated by 

25 azeotropic distillation) to a concentration suitable for 
crystallization. 

The mixture containing said compound (1) and/or compound 
(2) may be prepared, as described above, by extracting the 
diastereo-selective reduction product of said compound (3) with 

30 a suitable organic solvent and substituting said hydrocarbon 
solvent for the solvent of the separated organic phase but may 
also be prepared by extracting said reduction product with said 
hydrocarbon solvent and directly concentrating the organic 
extract . 

35 Particularly for obtaining a mixture predominantly 
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containing said compound (1), the recommended procedure 
comprises producing said compound (1) dominantly by said 
reduction reaction, extracting the reaction mixture with an 
aromatic hydrocarbon solvent and concentrating the separated 
5 organic phase. 

On the other hand, the recommended procedure for 
obtaining a mixture predominantly containing said compound (2) 
comprises carrying out said reduction reaction preferentially 
giving rise to said compound (2), extracting the reaction 

10 mixture with an organic solvent, and finally substituting an 
aliphatic hydrocarbon solvent for the solvent of the separated 
organic phase. More preferred procedure comprises extracting 
said reduction mixture with an aromatic hydrocarbon solvent and 
substituting an aliphatic hydrocarbon solvent for the solvent 

15 of the separated organic phase. 

Since said compound (1) and compound (2) are not 
necessarily thermally stable, the concentration (azeotropic 
dehydration) procedure is preferably carried through quickly. 
For minimizing the decomposition, the procedure for 

20 giving said mixture is carried out preferably at a temperature 
not exceeding 60 °C, more preferably not higher than 50 °C . 

The purification/isolation method of the present 
invention comprises causing either compound (1) or compound (2) 
to be crystallized from the above mixture, in which it occurs 

25 predominantly, in the presence of a solvent comprised of a 
hydrocarbon solvent and collecting the resulting crystal and, 
at the same time, removing the impurity in said mixture into 
the mother liquor comprised of said hydrocarbon solvent. 
The hydrocarbon solvent mentioned above is not 

30 particularly restricted but includes aromatic hydrocarbon 

solvents such as benzene, toluene, xylene, ethylbenzene, etc.; 
and aliphatic hydrocarbon solvents such as pentane, hexane, 
methylcyclohexane, heptane and so on. The aromatic 
hydrocarbon solvents are preferably those containing 6 to 8 

35 carbon atoms, more preferably toluene, xylene and ethylbenzene, 
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with toluene being particularly preferred. The aliphatic 
hydrocarbon solvents are preferably those containing 5 to 7 
carbon atoms and more preferably hexane, methylcyclohexane and 
heptane, with hexane being particularly preferred. The 
5 hydrocarbon solvents mentioned above may be used each 

independently or, where necessary, may be used as a mixture of 
two or more species. The solvent comprised of such hydrocarbon 
solvent may contain other kinds of solvents within the range 
not adversely affecting the result. As such other kinds of 
10 solvents, the organic solvents mentioned hereinbefore can be 
employed. 

Particularly when said compound (2) is to be collected, 
the presence of said aliphatic hydrocarbon solvent is 
instrumental for effective crystallization of the compound (2) . 

15 The hydrocarbon solvents mentioned above may be used each 

independently but may optionally be used in a suitable 
combination. Thus, in the crystallization of said compound (1), 
the procedure is carried out in such a manner that said aromatic 
hydrocarbon solvent will be a dominant solvent at completion 

20 of crystallization and, if necessary, an aliphatic hydrocarbon 
solvent maybe used as an auxiliary solvent. On the other hand, 
for crystallization of said compound (2), the procedure is 
carried out in such a manner that said aliphatic hydrocarbon 
solvent will be a dominant solvent at completion of 

25 crystallization and, if necessary, an aromatic hydrocarbon 
solvent may be used as an auxiliary solvent. 

The term • • will be a dominant solvent" means that the 
particular solvent accounts for the largest proportion of the 
solvent used, generally accounting for not less than 1/2 by 

30 volume. Particularly, the proportion of said aliphatic 

hydrocarbon solvent for the crystallization of compound (2) at 
crystallization is preferably not less than 1/2 by volume, more 
preferably not less than 2/3 by volume, still more preferably 
not less than 3/4 by volume, and the proportion mentioned above 

35 is preferably achieved by sequential addition of the aliphatic 
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hydrocarbon solvent. 

On the other hand, the term " • • • used concomitantly as 
an auxiliary solvent" means that the particular solvent 
accounts for a lesser proportion as compared with said dominant 
solvent, generally accounting for less than 1/2 of the total 
volume of the solvent. 

In accordance with the purification/isolation method of 
the invention, said compound (1) and compound (2) can be 
fractionated, for example from a mixture containing said 
compound (1) and compound (2), in which the former compound (1) 
is predominant, by causing said compound (1) to be crystallized 
in the presence of said aromatic hydrocarbon solvent as the 
dominant solvent, collecting crystals of said compound (1) in 
a high yield, then substituting said aliphatic hydrocarbon 
solvent for the dominant solvent of the mother liquor 
predominantly having the residual compound (2) and causing the 
compound (2) to be crystallized and collecting the crystals. 
In the stage where the compound (2) is crystallized, an aromatic 
hydrocarbon solvent can be utilized as an auxiliary solvent and, 
preferably, seed crystals can be added for promoting the 
crystallization of compound (2). 

In the method of the present invention, the 
crystallization can be carried out by the known procedure, for 
example crystallization by cooling or by concentration. 

The crystallization temperature in the method of the 
invention is preferably not higher than 60 °C, more preferably 
not over 50 °C . For an improved yield, cooling is preferably 
carried out where appropriate (crystallization by cooling) . 

Where necessary, seed crystals may be added for promoting 
crystallization. 

The crystals of compound (1) or compound (2) thus formed 
can be separated from the mother liquor by a known solid-liquid 
separation technique, such as suction filtration, pressure 
filtration or centrifugation and the wet product obtained can 
be washed with the same solvent as the solvent used for 
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crystallization and, where necessary, dried in vacuo to give 
a dry product . 

The whole of the above procedure for isolating compound 
(1) or (2) as crystals is preferably carried out at a temperature 
5 not exceeding 60 °C, more preferably not over 50 °C, so as to 
minimize decomposition of the object compound. 

In accordance with the purification/isolation method of 
the invention described above, the compound (1) or compound (2) 
can be obtained by a single crystallization procedure, in a very 
10 high yield, more efficiently than in the prior art, and very 
satisfactorily (in terms of quality, f ilterability, etc.) . Of 
course, this purification/isolation method can be utilized as 
a recrystallization method as well. 

The principal impurity compounds which tend to 
15 contaminate the mixture predominantly containing said compound 

(1) and are removed by the purification/isolation method of the 
invention are (2R, 3S) -l-halo-2-hydroxy-3-N- ( tert-butoxy- 
carbonyl) amino-4-phenylbutane of said general formula (2), 

(3S) -l-halo-2-oxo-3-N- (tert-butoxycarbonyl) amino- 4- 

20 phenylbutane of said general formula (3), (2S,3S)-1,2- 

epoxy-3-N- (tert-butoxycarbonyl) amino-4-phenylbutane of said 
general formula (4) and/or (2R, 3S) -1, 2-epoxy-3-N- (tert- 
butoxycarbonyl) amino-4-phenylbutane of said general formula 
(5) . 

25 The principal impurity compounds which tend to 

contaminate the mixture predominantly containing said compound 

(2) and are removed by the purification/isolation method of the 
invention are (2S, 3S) -l-halo-2-hydroxy-3-N- ( tert-butoxy- 
carbonyl ) amino-4 -phenylbutane of said general formula (1), 

30 (3S) -l-halo-2-oxo-3-N- (tert-butoxycarbonyl) amino- 4- 

phenylbutane of said general formula (3), (2S,3S)-1,2- 
epoxy-3-N- (tert-butoxycarbonyl) amino-4-phenylbutane of said 
general formula (4), and/or (2R, 3S) -1, 2-epoxy-3-N- ( tert- 
butoxycarbonyl ) amino-4-phenylbutane of said general formula 

35 (5). 



BEST MODE FOR CARRYING OUT THE INVENTION 
The following examples illustrate the present invention 
in further detail, it being to be understood that the scope of 
the invention is by no means defined by these examples. 

Example 1 

A solution containing 4.6 g of (2S, 3S) -l-chloro-2- 
hydroxy-3-N- ( tert-butoxycarbonyl ) amino-4-phenylbutane in 
ethyl acetate-toluene [toluene/ethyl acetate =3:1 (v/v) ] was 
concentrated from 101.7 g to 42.0 g under reduced pressure (ca 
100 mitiHg) in -a nitrogen atmosphere at an internal temperature 
of 30 to 40 °C with vigorous stirring. Then, with vigorous 
stirring continued, the solvent was substituted by distilling 
off while toluene was added at a rate necessary to maintain the 
liquid volume constant at an internal temperature of 5 to 50 
mmHg until the ethyl acetate content had been reduced to 3 
weight % [treatment concentration 10% (substrate 
weight/solution weight) ] . The atmospheric pressure was 
reestablished with nitrogen gas and the mixture was held under 
nitrogen at 50 °C with vigorous stirring for 1 hour, then cooled 
gradually to an internal temperature of 5 °C, and finally held 
at this internal temperature of 5 °C for 1 hour. 

The crystals which had separated out were collected by 
suction filtration, drained thoroughly, and washed with 15 ml 
of toluene ( f ilterability was excellent) . This crystal was 
dried in vacuo (ca 1 to 10 mmHg, 20 to 40 °C, ca 4 hours) to 
give 4.5 g (yield 97%) of (2S, 3S) -l-chloro-2-hydroxy-3-N- 
( tert-butoxycarbonyl) amino-4-phenylbutane as crystals. 

The quality of ( 2S , 3S ) -1 -chl oro-? -hydroxy-3-N- f tflrf.- 
butoxvcarbonvl ) amino-4-ohenvl hntang bpfo r g treatment f^ffpr 
concentration to drynpss in vamnl 
Purity: 82.3 weight % 

(2S,3S) compound/ ( (2S, 3S) compound + (2R, 3S) compound): 95.0% 
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(3S) -l-Chloro-2-oxo-3-N- ( tert-butoxycarbonyl ) amino-4- 
phenylbutane content: 1.1 area % 



The qualify of ( 2S , 3S ) -1 -c.h 1 orr>-?-h ydroxy-3-N- ( tert- 
5 bUtOXVCarbonvl) amino-4-Dhenvl butane rrystals a.fl-g r frfi^tmpnt 
Purity: 99.7 weight % 

(2S,3S) compound/ ( (2S, 3S) compound) + (2R, 3S) compound: 99.7% 
(3S) -l-Chloro-2-oxo-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane content: less than 0.1 area % 
10 (2S, 3S) -1, 2-epoxy-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane : less than 0.1 area % 

(2R, 3S) -1, 2-epoxy-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane : less than 0.1 area % 
Mean crystal grain diameter: ca 300 to 400 pm 

15 

Example 2 

A solution containing 2.7 g of ( 2R, 3S) -l-chloro-2- 
hydroxy-3-N- (tert-butoxycarbonyl) amino-4-phenylbutane in 
toluene was concentrated from 15.6 g to 6.9 g under reduced 

20 pressure (ca 100 mmHg) in a nitrogen atmosphere at an internal 
temperature of 30 to 40 °C with vigorous stirring. With - 
vigorous stirring continued, 18.1 g of hexane was added 
[treatment concentration: ca 11 wt % (substrate weight/solution 
weight) ] . Then, with vigorous stirring continued, the mixture 

25 was held at 40 °C for 1 hour, then cooled gradually to an internal 
temperature of -5 °C, and held at this internal temperature of 
-5 °C for 1 hour. 

The crystals which had separated out were collected by 
suction-filtration, drained thoroughly, and washed with 10 ml 

30 of hexane ( f ilterability was excellent) . This crystal was 
dried in vacuo (ca 1 to 10 mmHg, 20 to 40 °C, ca 3 hours) to 
give 2.6 g (yield 94.5%) of (2R, 3S ) -l-chloro-2-hydroxy-3-N- 
( tert-butoxycarbonyl) amino-4-phenylbutane as crystals. 

35 The quality of ( 2R. 3S) -1 -chloro- 2~hydrnyy-3-N- ( t.Prt- 



# 
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bnfnxyr.arhon yl ) amino-4-Dhfinv.l butane before treatment (after 
rnnrPTit-rahinn to drvne.SS in VACUO ) 

Purity: 96.8 weight % 

(2R, 3S) compound/ ( (2R, 3S) compound + (23,3s) compound): 99.7% 
5 (3S) -l-Chloro-2-oxo-3-N- ( tert-butoxycarbonyl ) amino- 4- 
phenylbutane content: 1.4 area % 

ThP quality o f f ?R , 3 S ) - 1 -eh 1 oro-2 -h vdroxv 3-N- ( tert- 
bni-nxyrarhon yi ^m i no- 4-ohenvl butane crystals after treatment 
10 Purity: 99.9 weight % 

(2R,3S) compound/ ( (2R, 3S) compounds (2S,3S) compound): not 
less than 99.9% 

(33) -i-chloro-2-oxo-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane content: less than 0.1 area % 
15 (2S, 3S) -I, 2-epoxy-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane : less than 0.1 area % 

(2R, 3S) -1, 2-epoxy-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane : less than 0.1 area % 

Mean crystal grain diameter: not less than 425 ]im 

20 

Example 3 

A solution containing 8.4 g of ( 2S , 3S ) -l-chloro-2- 
hydroxy-3-N- (tert-butoxycarbonyl) amino-4-phenylbutane and 
2.5 g of (2R, 3S) -l-chloro-2-hydroxy-3-N- (tert- 

25 butoxycarbonyl) amino-4-phenylbutane in toluene-ethyl acetate 
[toluene/ethyl acetate = 3:1 (v/v) ] was concentrated from 200 . 0 
g to 83.8 g under reduced pressure (ca 100 mmHg) in a nitrogen 
atmosphere at an internal temperature of 30 to 40 °C with 
vigorous stirring. With vigorous stirring continued, the 

30 solvent was substituted by distilling off at an internal 

pressure of 5 to 50 mmHg while the liquid volume was maintained 
constant with toluene until the ethyl acetate content had been 
reduced to 4 weight % [treatment temperature ca 10% (substrate 
weight/solution weight)]. The atmospheric pressure was 

35 reestablished with nitrogen gas and the mixture was held under 
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nitrogen at 50 °C with vigorous stirring for 1 hour, then cooled 
gradually to an internal temperature of 5 °C, and finally held 
at this internal temperature of 5 °C for 1 hour. 

The crystals which had separated out were collected by 
5 suction-filtration, drained thoroughly, and washed with 30 ml 
of toluene . The wet crystals thus obtained were dried in vacuo 
(ca 1 to 10 mmHg, 20 to 40 °C, ca 10 hours) to give 8.4 g of 
(2S, 3S) -l-chloro-2-hydroxy-3-N- (tert-butoxycarbonyl) amino- 
4-phenylbutane as crystals. 

1° Then, while the mother liquor, 47.8 g, was held at an 

internal temperature of 30 to 4 0 °C in a nitrogen atmosphere, 
the solvent was concentrated under reduced pressure (ca 100 
mmHg) with vigorous stirring until the liquid volume had been 
reduced to 5.4 g. Then, with vigorous stirring continued, 13.7 

15 g of hexane was added [treatment concentration ca 11 wt. % 
(substrate weight/solution weight) ] and the mixture was passed 
through a filter to give a pre-crystallization liquor 
containing 2.2 g of (2R, 3S) -l-chloro-2-hydroxy-3-N- (tert- 
butoxycarbonyl ) amino- 4-phenylbutane . 

20 Then, after 10 ml of hexane was added, 3 mg of crystals 

of (2R, 3S) -l-chloro-2-hydroxy-3-N- (tert- 
butoxycarbonyl) amino-4-phenylbutane were added as seed 
crystals. The mixture was stirred at 20 °C for 12 hours, then 
cooled to 5°C, and held at that temperature for 1 hour to complete 

25 the crystallization procedure. 

The crystals which had separated out were collected by 
suction-filtration, drained thoroughly, and washed with 10 ml 
of hexane. This crystal was dried in vacuo (ca 1 to 10 mmHg, 
20 to 40 °C, ca 3 hours) to give 1.2 g of (2R, 3S ) -1-chloro- 

30 2-hydroxy-3-N- (tert-butoxycarbonyl) amino-4-phenylbutane as 
crystals . 

The cmalitv of the nre-treatment sol ution containing 
( 2 S, 3S) -1 ~Ch1o rO-?-hvdroxv-3 - N - ( tert - bu toxyr^rbonyl ) amino- 
35 4-Phenvl butane and (?R, 3S) -1 -rh1 oro-2-hydrnxy-3-N- (t-.prN 
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butoxycarbonyl) amino-4-phenylbutane (after conce ntration to 
dryness in vacuo) 

(23,3s) compound/ ( (2S, 3S) compound + (2R, 3S) compound): 76.8% 

5 The quality of f 2S . 3S) -1 -chlnrn-^ -hydrnxy-3-N- ( tert- 

butoxvcarbonvl) amino-4-phenv] butane crystals after treatment 
(2S,3S) compound/ ( (2S, 3S) compound + (2R,3S) compound): 97.8% 
(2S, 3S) -1, 2-epoxy-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane : less than 0.1 area % 
10 (2R, 3S) -1, 2-epoxy-3-N- (tert-butoxycarbonyl) arnino-4- 
phenylbutane : less than 0.1 area % 

The quality of the solution containing ( ?R. 3S ) -l-chloro-2- 
hydroxy-3-N- (tert-butoxycarbonyl) amino-4-phenylbutane 
15 before crystallization (after concentr ation to dryness in 

vacuo) 

(2R,3S) compound/ ( (2R, 3S) compound + (2S,3S) compound): 90.8% 

The quality of (2R, 3S) -l-chloro-Z-hyrirox y-3-N- (t ert- 
20 butoxycarbonyl ) amino-4-phenylbutane crystals after treatment 
(2R,3S) compound/ ( (2R, 3S) compound + (2S,3S) compound): 97.7% 
(2S, 3S) -1, 2-epoxy-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane : less than 0.1 area % 

(2R, 3S) -1, 2-epoxy-3-N- (tert-butoxycarbonyl) amino- 4- 
25 phenylbutane : less than 0.1 area % 

(Reference Example 1) Method for synthesis of (2S,3S)-1- 
chloro-2-hydroxy-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane from (3S) -l-chloro~2-oxo-3-N- (tert- 

30 butoxycarbonyl) amino-4-phenylbutane 

To 25.2 ml (25.7 mmol) of a solution of diisobutylaluminum 
hydride (1.02 M) in toluene was added 3.1 g of 2-propanol at 
room temperature, and the mixture was stirred at room 
temperature for 1 hour. To this was added 5.1 g (17.1 mmol) 

35 of (3S) -l-chloro-2-oxo-3-N- (tert-butoxycarbonyl) amino-4- 




19 

phenylbutane. The mixture was stirred at room temperature for 
2 hours, after which hydrolysis was carried out with 1 N™ 
hydrochloric acid under ice-cooling. This reaction mixture 
was extracted with ethyl acetate, the aqueous layer was 
5 separated, and the organic layer was washed with water to give 
101,7 g of a solution containing 4.6 g (yield 90%) of 
(2S, 3S) -l-chloro-2-hydroxy-3-N- ( tert-butoxycarbonyl) amino- 
4 -phenylbutane . 

io The quality of f2 S , 3S) - 1 - ch1oro-2-hvdroxv -3-N- ftert- 

hni-nxyrarhnnyl ) ami no- 4 - nhen v l butane thus obt ained (after 

rnnrpni-r^i nn to dryness in vacuo) 
^ Purity: 82.3% 

(2S,3S) compound/ ( (2S, 3S) compound + (2R,3S) compound): 95.0% 
15 (3S) -l-Chloro-2-oxo-3-N- (tert-butoxycarbonyl) amino-4- 
phenylbutane content: 1.1 area % 

(Reference Example 2) Method for synthesis of (2R,3S)-1- 
chloro-2-hydroxy-3-N- (tert-butoxycarbonyl) amino-4- 

20 phenylbutane from (3S) -l-chloro-2-oxo-3-N- (tert- 
butoxycarbonyl) amino-4-phenylbutane 

An large test tube was charged with 5 ml of a liquid medium 
(pH 7) composed of 40 g glucose, 3 g yeast extract, 6.5 g 
diammonium hydrogen phosphate, 1 g potassium dihydrogen 

25 phosphate, 0 . 8 g magnesium sulfate • 7H 2 0, 60 mg zinc sulfate • 7H 2 0, 
90 mg iron sulfate • 7H 2 0, 5 mg copper sulfate • 5H 2 0, 10 mg 
manganese sulfate- 4H 2 0 and 100 mg sodium chloride (all per 
liter), and steam-sterilized at 120 °C for 20 minutes. This 
liquid medium was aseptically inoculated with a loopful of 

30 Debar yomynes robertslae IFO 1277 and incubated under shaking 

at 30 °C for 48 hours. 

A 500 ml-Sakaguchi flask was charged with 45 ml of a liquid 
medium composed of 3 g yeast extract, 6.5 g diammonium hydrogen 
phosphate, 1 g potassium dihydrogen phosphate, 0.8 g magnesium 
35 sulfate -7H 2 0, 60 mg zinc sulfate • 7H 2 0, 90 mg iron sulfate ■ 7H 2 0, 
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5 mg copper sulfate • 5H 2 0, 10 mg manganese sulfate -4H 2 0 and 100 
mg sodium chloride (all per 900 ml) and 1 drop of Adekanol, 
followed by sterilization. This flask was aseptically 
inoculated with 5 ml of sterilized 40% aqueous solution of 
5 glucose and 1 ml of the above culture and incubated under shaking 
at 30 °C for 24 hours to prepare a seed culture. A 5-L jar 
fermenter was charged with 2.25 L of the same liquid medium as 
above and 5 drops of Adekanol, sterilized, inoculated with 250 
ml of sterilized 40% aqueous glucose solution and 50 ml of said 

10 seed culture, and incubated at a cultural temperature of 30 °C 
and an agitation speed of 600 rpm with 1.5 L/min aeration for 
25 hours. When the culture system pH dropped below 5.5 during 
cultivation, the system was adjusted to pH 5 . 5 with 5 N-aqueous 
sodium hydroxide solution as needed. 

15 A 5-L jar fermenter was charged with 2 . 5 L of the above 

culture, 23.7 g of ( 3S ) -l-chloro-2-oxo-3-N- ( tert- 
butoxycarbonyl) amino-4-phenylbutane and 100 g of glucose, a 
reduction reaction was carried out at 30 °C with stirring for 
63 hours. The reaction mixture was maintained at pH 7 with 5 

20 N-aqueous sodium hydroxide solution . Furthermore, glucose was 
added during the reaction where appropriate. 

After completion of the reaction, the reaction mixture 
was extracted with 25 L of ethyl acetate and the organic layer 
was concentrated to dryness to give 24.0 g of a solid containing 

25 23.3 g of ( 2R, 3S ) - l-chloro-2-hydroxy-3-N- ( tert- 
butoxycarbonyl) amino-4-phenylbutane (yield 98%). 

The quality of the solid containing f 2R . 3R ) -1 -r.h 1 oro-?- 
hvdro xv-3-N- (tert-butoxvcarbonyl ) amino-4-phenylbutanfi 
30 Purity: 96.8 weight % 

(2R,3S) compound/ ( (2S, 3S) compound + (2R,3S) compound): 99.7% 
(3S) -l-Chloro-2-oxo-3-N- ( tert-butoxycarbonyl ) amino-4- 
phenylbutane content: 1.4 area % 
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INDUSTRIAL APPLICABILITY 



The present invention, constituted as above, provides a 
purification/isolation technology which can be carried out 
expediently and efficiently on a commercial scale for providing 
a (2S, 3S) -l-halo-2-hydroxy-3-N- ( tert-butoxycarbonyl ) amino- 
4-phenylbutane or a (2R, 3S) -l-halo-2-hydroxy-3-N- (tert- 
butoxycarbonyl) amino-4-phenylbutane in good yield and with 
improved quality. 



